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(57) Abstract 

A field-effect transistor (FET element) wherein a pi-conjugated polymer Him that serves as a semiconductor layer of the 
clement is obtained by first preparing a pi-conjugated polymer precursor film by the use of a pi-conjugated polymer precursor 
soluble in a solvent and then converting the precursor film into the pi-conjugated film. A liquid crystal display device is obtamed 
by using the FET elements as active drive elements. A large number of the FET elements can be fabricated simultaneously on a 
substrate having a large area at a low cost and stably operate, thus making it possible to greatly vary the current between the 
source and the drain by the gate voltage. 
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(c flft X ;u .1-. ^ A <fc ^ b , T Ji a ^ ^ ^ a:> ^^^< 

izn < < tzib. ^^m^^z^itit n . 

S IS ^ 9 O M S L l^ 0 S fl> Bf feKi S ^ Jg (I ^ ig 

3: ^ a6 n (i' ck < , # (c n ^ ^ n j^j: t ^ . ii ^; i o 5^ ~ soflf 
fal CD 15 S (c ^ a o 

X .-f, ^ t7 A ^ ^? jc i: n (i\ m ^ ^ . ft (C ;r - 

^ R 4 

Hfl ^ - ( A - ) ^ ffi'J IKc W f -5 K 5> ^ * 

R 5 

^ ■/)< . :^ ji — Ai^mmf3<mm^ (D T ji zj - ji ( r , 

OH) <tSfi>L. T JU Z2 - o T Jl zj ^ i/ ^ ((2)iC4'® 

0 R 3 ^ -r ] M il <t '^j: 5 o Vt Z . ffl l^ § ?g 5g 
(i ± IS © R 3 O H O T ;l/ 3 - ;u ^ C t i^:^ ^ r ^ o „ 

^ ti 'h (D r Ji- ^ - ju li t tz it iib. o mm t ^ m L X m 

1 ^ T S I. ^ o ^ L T ffi t > ^ T ;l/ u - ;u ic pj T 

* # (r M Pi(i t> . ^ ffl ± Tis $f ^ T- ffi t s ti -5 o 
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mm^ ^ ^ t ^ m ^ it iz -0 X r ji zi - ji v< 

L T ^3 n a v^ 7j/-^\ T ;l/ =! - ;U (i 5 fi 4 ^^ - -tr > h 
7. ;u ~ 't? A 0IJ il ^ T ;u □ 4^ >^ ^ II S 5^ r 6 S 0 

X 0 M < t ^ tv . i^y^ Ji^^^ ^mm^r 

;U 3 ^ i/ S ic B m ^ -tj: -5 C ,J: 7&-< r § ^ c S O §^ 7?< ± 
12 T ;u 3 - ;u ^ # # . S ^ § ^ ^^ T T ;u 3 4^ 

TiwiCA i:" T- > r JV - ^ ^ t tZ m it . S 

^ i/ <D m^^^z-T It ^ K M & (D m. <h o °c^^'^> 

50V f}< tkf t b < . 0 'C^^ lb 25°C i; 0 $f ^ U o r Jl zi 

^ -y mmiz-wir ^ m ^ ^ it . —^xmi^^^^tzm^m 

r S la> Bf fsKi a: t!;^ 3£ ^ ^ b o ^ T -5 CO xJj ^ T § t? 
^ 0 , 1 5 55- ± ^ ^ b 1.^ 73< . iR ft © m (i 1 Hf TbI 

i£i ± t!)^ ^ L ^^ o C O 9 IC L T fill IKC T ;U =1 4^ i/ ^ ^ 

55- ^ S 3S ^ ^ ^ l'^ C ,i: t:;^ ^ L < . 4' < i: ^ - 15 
(2)CD;r- ^ tS: ^ ^ |1j 11 <^ ^ 0 il U # n ^ 1 0 ;a ii ^ 

^ t L < it 204* L 50000^ 1" T i ^ <D . m ^{t6^m^ 
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A^booi^y. ±(D m m m J: ^ m ^ff ^mv m rr ^ ti t£ ^ 
— )jz (2) r b i6 ^ h ^ T ji zi ^ i/ ^ (D m -^m 

> 5^ ;U ;U A T > K . / f- A r -iz h T I V . -J / ^ 

Jl X Jl rix ^ -y , -y t ^ y . ^ n a Ti-. Jl A , f- h y t 
V a y 5 >m:^<-m if >h tl^ o 

X flU IE f$ O L B !i CD HI (C , 7h ^ 0 h itm U < . 

(c ?g i:nc < < . m m b ^ 1 ^ ^ m m f}< 0 ^ L o 
m ^ 'i^ ^ yj m t L x.ii . m m iz m f)^ b tz 71 - ±t^^^^^^ 

■r -f 7 f > - 73 - h m , a - ;u n - K ?i ^ ^ 

fij |g ft m ^ f# , C O /T - * '(S: ^ 1^ ^ |lj |g ft ^ M So 

^,-r^ztiz^^x^mi^^Lxm< rt - it^^^^^^:^ 

M€-f#^o ;r - ^tSl.^i^^^^sUIEft^iJJi^JaiJi-r^ C t 

L T (± 4f (C M PI t!;^ j^j: l> , m^.± 200V III ±. 300'C 
T r . ^ ri 14 m ft ^ a ^ T T- 7 C t 75< M S ^ o ^ li , 
200°C i:^ T O M (c 4o l> T t , ;r - * fU 55- ^ Itj |g ft 



wo 90/08402 



PCT7JP90/00017- 



18 



CD L B ^ ^ If ^ i: L T It t tz [t iK^ 7^ \^ ^ 



mmwmm^ mmm t Lx ^ \.^r ^ KuhnM h^? ^^^^ 

/■c Slights. 7K¥N-^fe. ck 0^ A - f > r ;^ - ;U 

-*'i3:.2^iS53-^fiili*:oLBm^f#. c®/T-itts:;^;f 

Ti& < ;r - ifctS:^ffi^5'^-0 L B m^lf 5 o 7r-^'iS:^.m 

mtw^mnT xn r> z ti]<m.t t o ^ li , 2oor m t 
TV - ^'^jf.m^'?'<D L B miz-r ^ z t um^x ^ ^ o t 

tz^ H C 1 ^ H B r 4' ^ CD n h > ^ ^ tr ^ S t4 m f$ 
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i£ x"^" ?t ^1] ^ T ^ o T i) . fimm^ii^"^ IX 

f£ m ^ iz li . z n ^ :^ ^ r ^) > m ^ r y ^ > m i: 

X L B m ^ i"^ m t 6 Z t i)< pj X ^ ^ o t fi^ Zf -y 
X h 0 

^ CD rii 4' < . Mtj] izmm'^ t: - ^^siT^m^^mm. 
i^^^i^^xm^'?-mm.i^mxii^(DLBm^<'?mL. z 

;r - ^ ts: ^ ^ ^ ¥ - \d y r ^ m ^ < X 

m * S |j 0 CD > - 15 fitJ C (i # a? f$ i: U T © 1± K ^ 

i6 (C , L (i' L li' K - t:° > r M S 7b-? fr ^ n § o CO K - h° 

(Xm#!t^4. 34#. ^4^. 55K. 1 986^) o M ^ \z [t 
® m t9 75^ O F - f > r , (2) ^ tS O K - f > / . ® 

€ m ri: ^ fitj K - t' > r . (3) ^ j& K - f > r ^ 0 :^ ^< 
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m ^ m (D mmm ^ mmmv . isum s mx^ it k - 
h mm 2 ± (z m m L tz ^ 0 T ^ ^n^-n - ^-i^^. m-'^ 

^^3. 'J - xmm ^ t KL/Y>m^6±(c^fifc-^iii3 

• 91 So (c i; 0 . 'J - 7. • Y^' U ^ y ^ U m -t ^ z t ij< X 

m 5 n li * ^ (I ct i> g ^ ^ a o fife o ^ M ^ ^ 
•rmmmx. isit n - ^'^^m^'pm a ±izmm l . k 

0 X {-^ S ^ 1^ ^ T' ^ S o 
^ fit -^113 IS. n - ^''&.%%^^mm'^i)-^ h K - ^''^ 

6 I) O T- ^ n < . # (C fl |3g (i ^.C l^ o 
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X 7. 7^ 71/ 7 >f A . ;t-: U X 5^ b > 7 ^ v'b A . rj^ 'J - X X 

]y y X Jl 7 ^ K 7 -f A . .1-° U 7 + b > 7 ^ ;l' A ^ 

7 I y m, Ji r '/ - 1. . ji ^ x m r Ji 

t ¥ ^ i^i^. Ji y^m :^ - ^iMW (Dm^^M 

Ltz±Bm^'Fm. p - ^ -y y - \i :^ ( X Jl 

.-f, X ^^7 A a Y i- K ) ^ ^ It ^ O m m W ^ iz 

m t L T li # (c M IS (i 4- . M C V D . 

^ , f > n - f- ^ > r . f-' ^ -y f > i:^' fe\ LB s 

^ ^< ^ ij n ^ 1.^ t"' n m ^ tE T- ^) ^ o 
^ ^ ^ ^mitm ^ . -i5 5t(4) 



R 6 




(HL, Rb (i. - H. T;l/4^;l/S. r j\y :j ^ y m <D !^ 

^ ^ ^ #t 4 m (c flB ^ CD ir o T fjfe f ^ 0 - J?^ (4) 
(i . - 5C (5) 
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Kfi / \ 

R 7 R 8 



C{BL. Rs li. -H. T ^ JUm, T Jl :3 ^ i/ mo) \H 
B r . C 1 ^ O /N D y > , n (i 1 OJl^ ± CD M E ) T- g ^ 

14 T 0 , f > 3 - h ^ , 4. X h ^ . 7= •> f > - 
fife, /<-i3-hfife, n-;ua-h!^^^^(,>r. ^^{C 
m^J^J5JcT-i^o L /i< o T ^ /I t 4- ^ /T - it ,2^ 

yjmt L T li # (c S-ij PI (i \,s i]< ^ jg ^ij izlUfj-LtiK-i^ 

bS. 7= -i y H y r m. ^< - ::i - h m , n-^Un-hj^ 
^ (r i: 0 ¥ <t 4- ^ TT - #fc 55- ^ iiti |g li ( - jjs jt: 
(2) ) ^ ff , ^1] ^ S ^ ^ ii: ^ , ± 12 ^ CD ^ ^ IC i 0 

$f ^ L o ^-.-B IMi ± le O c- i: < g^! fit 4 m ( - 5t (5) ) 

^ f# (c . mmizmij-Ltzn -^'i^^^^^^rim. it m 

?S ^ T , X f > D - h . 4. + X h S , f= ^ .;, f > 
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■ T ±o ^ 4' ^^ o ^ o ^ , z: t < <b ntzmism^ 
m^.t ^ z t (z J: X . mmi^ t L X m < n ~ ^t^^^^^ 

6o ^r-^tS^f^^J-^BfJigf^JiM ( — ^S^(2)) t miP.^ 
m ( - IS (5) ) 4- 6 » II m JD -r -5 Z i: (; J: ^ -r. 

-/T - * '(S: ^ 59- ^ M ( - 1^ (1) ) i: m Jl- C - (4) ) 
t!'^ ''.C 5 » /i m ^ f# 6 JD m ^ f^j: t L T (i # M PI (i I ^ 

^ T r tf 9 M K L ^ ^ o 

± la © i: 9 ^ fit 4 ^ L T ;r - it IS Ifj |g f$ li ( _ 

ipi^mx ^ ^ n - ^'i§i?f,m^'?'mmitm ( - ig (s) ) (i , 

R 

^ © (C , ;^ ;L, .t. - -j; A ( SC ' ) R m ( H 

R s 

X ) ^ ^ -r -5 o C CD g| L ^ 73< , ¥ ^ f$ ® t ,T 
J: 0 ^ TiN' -gfc ^ ^. n -5 o 

(C ^^ T . 15 (ft 4 M i y - h ^ Jl ^ ^ ;b -5 C i: T # 
B| ft T § ^ o 
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m m m m ^ t -r 6 m B% m ^ m m i"? ^ m {z X 
m^B&TjkmWiom i"^^ m ^ 6 z. t iz j;: x m^nt ^ 

» !i If o T (i * tz m (D n - ^ S 

if.m^'Fmxii^ (D L B.m A tK&mm 3 (D ^^mizis\.^ x 
n - ^'^^m'i^^m i y.\t^ <D L Bmrnzm^LtL^^ 
m - h s ^ 2 <i: 7 - X ^ ^ 5 t (D m \z -h^ tz m 

S.XU'm^ti. ^ 5ii fill Tj: 4^ i- 'J - ® ^ + twuir ® » t:?^" 
^ {E: r -5 T^c i6 (c 7 - X m ^ 5 t K U > S ^ 6 0 Pal ^ ?/i£ 

^^m^'Fm A xu^ o L B m t Lxmmmo^i^^^ p 
^ ^ '14 L 7:?N -tt T ^^ ^ ^ . f - h 2 t b 

T (i # M S @ Jil>{- {r p M U n y ^ nMiy =i > . ^ 6 

l^ # m t4 * W -r ^ W ^ ^ © ^ * S 0 i« t,^ 

iz^^±^ts:m(D^Simf}<mf^^tixm^n^i}<^ti^ 

* ^ O H^a g ^ S « (r ^^ T . ± E F E T ^ ^ 1 1 

^ ^ m 4 X li ^ 0 L B m p M ¥ ^ ft: '14 ^ ^ ^ ^ I- (i . 
7-x€@5 Lxm^MMW 2 lznmJ£^^\im L 

T :fe t . '^r' - h ^ 2 M m E ^ EH -r ^ ^ . e^a 8 73< 
Mnt^ZtiZtZ^^ C n ± i£ b 9 C . F E T ^ 

^ 0 7 - X • K b > m M faV ■:S.R73< f - h 2 ^ 0 
^m.E.^!ilJU iz ^ 0 m^P b . -fit m yrs U 121Z m.E. ■n< 73- ^ 
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L r ig m fs 9 c t m E ^ en L /I g ^ y - h ^ e ^ 

^ t . m^a ^ it ^.■)^ b fl < fl ^ o C n F E T ^ ^- 0 7 

- 7. ' K L/ -r > 1 ^ PbI o ^£ i/L ± ^ < '3 , ?s m m 
± o J; 9 , ^ o m m yr- m m. -c {t . ^ tz? 

E T ^ ^ E|7 f 5 y - h € E ^ ^ X. ^ C <b i 0 > i^l 
B^a g ^ 1 2© IS ®i ^ M M T ^ I. o 

4- 4o , ^ 2 m-n- [tmWi I ± ^" - h € IB 2 7i< ^ f j- n 

T I ^ ^ , (r , * tg ± {C ;r - * tS: 2^ ^ ^ m X (i L B 

^ L T K b ^ > ^ ^ 15: It ^ ± IS V - X E €i C>' K U -< 
> € ^ o TbKc m Si *• /hfi ^ -if T > IS ^ Jl ± (C y - h 
IE M ^ 1^ !^ r m i ^ o ^ , S ± ^" - h m IS f . 

L B m ^ 13: (j- . M (I ^ 0 ± 7 - X S @ ;^ 0-^ >! © V - X. 
€^<i:^^LT KU-i'>^Si^lS:(tTfcai.^o ^ ^ lUt 

TKU^>«^5^li:lt. c.O_t(C;r-^^5:^iS^^JaX 
(i L B J5I ^ IS ft . M (C l£ m m ^£ $ it T ^" - h ^ ^ 
IS ij- T io ^ o 

^ /I m 3 EI r (i # ^ 1$: Ji T'i 5 ;r - ^ tS ^ i« 5^ ^- II 4 

o ± i: ^ 4m \3f}< Ik If <h tlx ^ i3< . miz. mw. \ ± 
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(c 7 - X m ^2 5 s K u -r y Q ^tkif . ^ (D±{zm 

fit -^m 13^ IS: (t, ^ CD ± (r T ^ 5. ;r - it 

55- m 4 ^ IS: (tT ^' ck t,^ o ^ 6 ^ tz . m A m iz^.t 

i; 9 (I . S t£ 1 Ji (r -^f - h s IS 2 ^ IS: (t ^ ^ o ± §t 

4/ii3€-^{t-eo±(cv-x-^®5;so' ku^ >s^6 

IS: It , ^ 0) ± iz m m m 3 ^ m u tz m m ^ m 13^ $k If . ^ 
<^ ±izmmitm X- ^ ^ 7T - ^'i^T^.m^i^m A ^ma . -e 

(D ±iz y - xm.^ 5 6 ^IS{tTt)i;i.^o 

. ^) ^ i^ii t tzmm.i ±{cy - h €^ 2 It. 

3^:f^S$-^i^r. ^0±(r;r-^tS:^i^^^Jl4^ISlt. 
^ O ± (C ^ §fc :P 1 3IS: It . :g ^ CD ± V - X S g 5 R 
c/ F b ^ > S is 6 15: It r |j ^ o M(i ^ tzmtK I ii (i 
V - X a fS 5 0^ K b -r > S 6 IS It > C 0 ± C ,T - 
*tS:^^i«^^m4^^lt. ^'ilC^#fc#mi3^^;ja;^zl^fi 
^JK3 ^^O^^^-tirT. -ecDilC-^f- hmM2 ^-ISltri) 

t tz^ m 2 mRv^m 5 momxitF E T m'P^^ntrfs. 
m ^ 12^ m — m ^ ± iz m L tz 7^< ^ z n <h ^^\\ ^ cd 

S ± (C ft S L ^ ^ L T ^> ^ o 

a T a f^: fiU ^ Ji M (C T ^: ^ Bfl ^ if ^ (C li^ f -5 75^ 
3 n (C J; o T ^ ^ PI ^ 1" <5 i) O T- (i I ^ o 
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g§ ^ M /irc ^ T llD ^ L , 3000 a (D m it ■> 'j ^ > ^ T 

n o '(kiz . }f m (D mit •> ^) y m ± (D M^m 

« ^ . 7 t H 'J > -7 7 - !S . S :ii 7 ^ > f^i 
^mt^r. If: ^ 200 A CD ^ n A ^ T .i: f § ^ 300 a 

^ :fe I ^ T 7 - ;^ S @ <b K U ^ > € @ i: L T ®/ < o C Z 
T- — 0 # ^ @ CD ipl , BP ^ f- -f twUfil IS 2 mm r ^ 0 , ^ 
« ® (D fslPi . BP f- -f ^1/ (i 6 ;cz m r ^) ^> 9 (C L 
CcDJ:9{::LT{'^S;L/;«tg^jWTFET^^'$tgii'f 

^ ^ L . 'iX<D <t^mmi)- 'b f£ % ^' ( 2 . 



5 - ^ X — 7 f — b 7 ) sU |g i$: CD 1^ 2 w t ?^ y ^ 

Ji AT i K (DMF) ^§?^^ffl^^T. :^f7zi-h^(: 

X mm.it y ^ ji I- ^ F E T m^mm ± iz m o z cd t ^ ^ 

7. t'r-cD[lI^|^(i@5> 2000[sl ^ t Lfzo \^ ti ti m m 
W-y ^ )l (D mW \t . It 800 A T ^ o o 

. 'J ( 2 , 5 - ^ X ~ 7 7 h" ^ b 7 ) HI IE f$ 7 




C H 3 
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0 ^ X Irl IE 7 ^ A CD li , ^ tI^n <i || (r ^ 

tz o ± 12 5D ^ ^ S (I ci: o T . 'J ( 2 . 5 x ^ u 

>f^u>) mmi^ 7 ^ Jl A li (2. 

^ ,x, H H 

(S^ X ^ :7 H ;Kc 4o IN T . 1 590cin " ' (C - C = C - (I ^ -15 

< iS^ iR ^-^^ ^ n o 

^ . ± la 0 J: 9 (c L r # n 7 i^v^w. Ltz 

Ti&<J;9(cLfCo 30j;9{cLr. ^IHd^l-pE 

T ^ ^ ^ # o c c T- 1 Rzf2itmmm¥- h mmr- ^ 

^ U n > T- ^ 0 . 3 (i ^€ ^ m T ^ -5 ^ -ft: •> 'J 3 > M . 

Altmmi^mtLxm<^^^} ( 2 . 5 - ^ X ^ u > t" ^ 

l«lg^*M:^^«^)^f«itl/■c:^°U (2. 5 - ^ - ly y 

t:' - U > ) M , 5 S 6 <i ^ n n 7 - X S C>' K U > 

mmm 2 
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i -< X ( 7K ) coigm^'^'J 20r ^ L . O ^ m at r> 
-E) 't' 'J ( 2 , 




C H 3 

5 - ^ X - U > t" ^ U > ) t<] mit O I^'J 2 vjt% -y / ^ Jl 

)l ur I K ( D M F ) Tlx 0 . 5 mi <J: ^7 a n rf. ;l/ A 9 . 5 77?^ 

^ ?M # L ^ a Pfi i: L T ^ T . KuhnM K 5 7 (r 

tS±^?f7'wo CCDi:isME;r(i 20mN/ m i: L t^c o 

(C ^ 't° U ( 2 . 5 - f- X - > f ^ ■ > ) ftj .fg f^: CD 

fzo C CD m > fiu |g L B 1^ O (i , ?^ ^ 7!^^ li 
^;bo/^o±iatlD#?^BS(li:-^T,^°U(2. 5-^x 
-b>t:--b>)|tIlgi^CDLBm{l'+°'>l (2. 5-f-x 

H H 

^ I(X X ^ ;7 h (r :te t^ T . 1.5 90cni ' ' (I - C = C - c 
< iR 7i-5 n o 

(I . ± 12 (D 9 IC t T ?# tl L B Jl r M m L F 

E T m & ^ o i&.m (D m <t ^) :^ y m^^m^^izm^ l 

T. I^Oi/'J =!>g®(C#'J ^ I. t y V> 't' 2. CD ^ ^ ^ 
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L r t - i y ^ m m ^ M ti o 

"rCD^Mf- h mm t LTi& §. -y y zi y m±.(Dm<t y 

•J :3 y mi2< 5 m (D F E T m ^ o ^ m (D Y - h'^tmm t l 
rm<j:^izbfzo z o ^ ^ iz Lx . m I miZTT.i- F E 
T ^ ^ ^ If /- o It mum Y-hmmx-^ 

6 u > ^ t? ^ 0 > s ammmv ^ ^ m<t y ^) n y m. 

^ ^ V ^ y mm t L X m < ^ m X ^ ^ o 

2 t M 4' ^ E ^ S ^ ^ l^ /I f& ® ^ Jl M ^ T ^ f o 
^ M 2 t 1^ « L T . L B (C J; 0 . F E T ^ ^- 

( 1 oon ) ?# o L . z (D m m m X it F E T m 1^ m 

JklZ^ tj ( 2 . 5 - X ^ b > t" ^ b > ) Uj ig f$ (7) 

L B mxn^ L fz F ET^^^tS^^^j.^^ ^ -:/-'tP(c 
T. ^^i.SBffe?, f^rt:7X^*'x^^trg,^m?;tT, 9or 

r^n^is-'h^m^R'^^v^tzmf^^iz^iO'.tz, ± k 



wo 90/08402 



PCr/JP90/00017- 



3 1 



^ M S (I ck o T , .-t^' 'J ( 2 . 5 - X i - U > t" - u > ) 
It! |g CD L B m (i 'J ( 2 . 5 - f- x - U > t" - U > ) 
<^ L B M cb ^ ± ^ rb LVc o cnlC^4^^^. ^'f f?^ 



7.^ 'P h ;l/ (C 4o I. ^ T , 1 5 90 cm - ' (C - C = C - (C S -:)■ < 
IK 7i< 5E n . 1 099cra - 'cr>-C-0-C-(CSo< 



T , ^ :5S M 2 i: fU ^ (C L T , ^ 'J =i > tS g f$ 7b< 5 flU 

±c7)^rt:/iJ 3:>Ig;is5{llc7)FET^^®ftiicoy- h 

^5 iff m i: L T Si < cJ: 9 (C U . ^. I El ^ "T ^4'§ it © F E T 

^ ^ ^ # o C C T 1 S 2 li S 1^, ¥ - h m ^5 T ^ ^ 

=1 > tg T ^ 0 s 3 m ^ T- ^ ^ ^ <t: ^ U rj > 3i . 

4 li f$ ® t L T {i < :K >; ( 2 . 5 - 5^ X ^ b > f ^ 

U > ) BU |g i*: CD L B M t!)- '^j l# ^ n 'J ( 2 . 5 - x x 

^ U > t" - b > ) © L B P_ 5 S O' 6 (i ^ n ^" n 7 - 

^ 5S 4 

^JSM 1 r^t^7^w^,(D<i:f5l#(DFET^^S^gcD^aS 
S C; # II ^ /I ^ 60'C II 15: ^ L . CO <b fl 



H 



H 




'i ( 2 . 5 - f- X ^ b > f - b > ) bIj IE f$ CD 2 w t °6 
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/ ^ :f-^ Jl I. T i K ( D M F ) ^ ffl l> T X f > 4- 

^7. h f^izxmmit y ;u A ^' F E T m m ^ ± iz 'i^ tz ^ 

Z (D t 's. X\i±-(DmUWiltm^ 2OOO0 tr. t L tz'o f# 

n tz m m y ^ ji A (D mjf . 8ooAT^-o/co ?^ 

© S c;^ # ffl ^ ^ ^ 60°C ir ^ ^ L . CD ft: it 

t)^ ^ 




C H 2 C H 3 



yii ^) ( p - 7 X - U > h" - 1/ > ) Iff IE O 2 ivt 96 7X 

m ^ m X X \z y ^ X h m iz X (p-7x^u> 

f — b > ) lu IE f* 7 >f ;u A ^ 4^' ( 2 . 5 - 5^ X u > 
- b > ) Itj IE f^: ± (C|# t'c o C CD t i , X f - CD [i ^ 

W:lim^ 200011 6; <t U o # tl fj IE f$ 7 ^ ;l/ A o Hi 
(i 700 a X ^ -0 tzo 

iklZ ^ yH ( 2 . 5 - i — U > f — U > ) |tj IE 7 
^ Jl A t (p-7x-U>h-— b>) fjiEf$7^yU 

A© 2mmxnmLfzF e Tm^m&^vF^\-'^^ / - j 
^izx. mmni^T. 2\o'c o^i^^xm 2 wmmmttzo 

c o ^ ^ , 7 ^ ;u A o It , 7^)^ b Bf ?| 4' I, N t Of 

m^iz^i^ tzo ± l£ So ^ M S o T . :f: 'J ( 2 . 5 

-^x— L/>h"— L/>) ltliEf4:7-f;l/Ai::f:'J (p-7 
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X - b > h" ^ b > ) mmi^ y -r Ji f)^ <h ^ m M m it . 

^ n ^' n 'j ( 2 , 5 - 5^ i - u > f - b > ) y ju I. 

t ( p - 7 X u > h" - b > ) /■:)^ b '-5 » iii -V t 

^t> 0 . z tnz ^ m ^ iSL :^ ^ ^ h I ^ T . 15 

9 0 cm " {C rK 'J ( 2 , 5 - x x — 1/ > . t" - U > ) O C = C 
^ < 13^ iOJ t!)-'-, 9 70cin ' ' (C -if ( p - 7 x ^ 1/ > f 

E S IC 6 S )n> ^ > '-K 'J ( 2 . 5 - 5^. X ^ U > f 

^ ^ o # (i /j: o o 

II ^ ± IS © J; 9 (C L T f# ^ n 7 ^ /I' A T ?S S L ti 

ri&<J;^(rL7'co C®cJ:7(wLT> ^SUdi^fFE 
T^^^f#/Co CCTlS.C;^2{SStS^'^"-h^@T^ 

4 (i ^ ^ f$ 1 <b L T i& < :tf ( 2 . 5 - 7^ X - U > t" ~ 

^>)fl^iig^*M75^'i^#^tl7'I'■^:'J (2, 5-f-x^b> 
t" ^ b > ) ji , 5 s 6 (i ^ n ^" n V - X ;^ 0^ K b -r > 
m^tLxm<±m. \z{t^^.^m t m < (p-7 
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j^-ly>}d:-}yy) m m m <^ 'i^' tl tl ^} (p-7 
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^ 2 H (C :^ -r it O B^H g ^ ^ ffi CD S ^ CD — M ^ JL^i 
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(C ^ 2 -5 7 - m ^5 5 , K U > « 6 , R 
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O* K U ^ > € @ 6 (i , 1.^ 1" X/J ® S 2 mm X 4 mm T ^ 

0 , 3 m fff T- ^ $ tl r 5 o IP . F E T m <t L 
t § (C 5^ + 7^ ;Hpi t!;^ 2 mm T tfD 0 . f- -f twU :g 7i< 3 m 

T- ^ ^ o i^iT . :i <D m ^ ^ m m m m m ^ t ^ .^i o 

^' ') ( 2 . 5 - f- i j:. U > f ^ U > ) fj IE f$ CD 2 ff t ?6 

H^H g ^ ^ fi ^ {g ± (C 4^' ij ( 2 . 5 - ^ i - b > h" - U > ) 
Btr |g i$: 7 ;l/ A ^ If /i „ 

(c . z 0 m n Tfk ^ S o F E T ^ ^ j::^ CD 
'J (2. 5-f-jL^iyyt'-\y>) niim.it y ^ A ^ ^ 

^ ^ ^ v> r > I 96 (D ^ it 7!^ m tr X ^ ^ mm % }M ^ V 
1 Bf rei . 200-c V MBLtzo i^:i±<Dmi'^iz ^ 0 . f e 
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;u A T IS a L , § ^ g S O [*I > ^ 2 il 5 F E 

^Mf& b tz ff y 7. tS 1 0± (C S i 0 2 ^ 1^ ^6 ^ ^ L -^i^ b^b © i£ [6] 

1 0 i: O rsl 1 0 ;cz m i¥ O 'J :x. :^ -r Ji^ y ^ ^ ^ flk bb ^ tt. 

g[5 t!)^ m D U t 4- -5 i: 9 C - ^15 55- T^i It a L T (i $ ^ . 

^ (D ^m^m IS < - ^ ^ T^f «t a L T X :K 4^ •> lit It T it ± 

L o ^ L T . C O 5^ It ih f 15 55- 7!^^ h • ^ b ?il 

(Merck ?±1! r5 ^ ZL I I 84 I ) ^ zi A L T x 4- i/ ;^ 

mr-M ±b . :^7' 7 X s 1 o± {i Tfe ^g ^ 0 ^ t) -tr . b1 

•^B^H§:^fn2€'^J3S<:^-ti-/Co 
ft ^ , H^B § ^ g S ^ O S ® ® S i 0 2 0 - ^ II t!/-^- 

^ ^ l£ 0 ft (t T , B^H g ^ g g ^ ^ ^ ^ -1+ T'C o 

:t?'J (2. 5-7^xxL/>h:-^b>) Bij ig i$ ® 2 vvt 
9^ CD D M F 0. 5 i: ^ D a ;L/ A 9. 5 ^ it^ L 

*r M 1^ ^: L T ffl I ^ T , m^m \ t m m L X . ± 

IS ?H b1 g ^ g ft S ± (I 'J ( 2 . 5 - T X X > f 
b>) B5j|gf*:0LBJ5i ( lOOH ) o 
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(c. c CD s ^ ^ ft S S o F E T ^ ^ g(5 ;:>( © -1-: 

'J (2. 5-1^ai^U>t:"-b>)Blj|gi*:0LBm^^7 

^ ^ ^ 0^ T , 1 9^ CD <b 7K ?^ X ^ -t g ^ ^ yit 4^ r 
1 . 5 PbI . QQ'CVmmtfzo Jta ± O {-^ (C J; 0 > F E T 
^^SU0<^^'-t^°'J (2. 5-f-x^U>t:-J=-. U>) CDLB 

m -e 1^ S L . g ^ ^ * O . ^ 2 H (C 4bMt 5 F E T 

^ fF^ ^ b tztf y X |g 1 0± (C S i 0 2 ^ a6 ^ » t jI^ H^a © 15 fSl 
7J>< ^ 3 ^ i; 9 <c b2 fSl M S ^ IS b o ^ L T . B^a s ^ S 

1 0 <t O Tel 1 0 m CO 'J X X -r 7 >f ;!/ A ^ B% § ^ 
gl3 ^< §i P gI5 i: 4^ ;5 ck 9 - fl5 ^ It a L r li $ iA , 

^ O ii iZ2 in l; < - 55- It ^ L T X f 4- i> 1^ II T- it ± 

(Merck it M M an ^ ZL 1 1 84 1 ) ^ z£ A L T x ^f: 4^ i/ 1^ 
!& T- it ± L . # 5 X tg 1 0± IC M ^ (1 0 ^ :b -it . B% 

S ^ . s ^ ^ g S !g O S © O S i 0 2 O — $15 ^ ( j: 73^" 

- ^ n > rJ' ^ h ^ ?^ 0 . C n il ^ - X h T- 'J - K 
1^ l)i 0 ft «t r . fa g ^ s ft ^ ^ ^ ^ -ti: o 
^ l£ l^i; 7 
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. m m m A t m m b X ^) ( 2 . 5 - f- x ^ u > f 
^ L/ > ) lo ig 7 ^ ;!/ A ^ ^# o , z (D <) ( 2 . 

5 - X X - U > t" - b > ) ffj IE I* 7 A Jb (C ;7^° 'j ( /N 
y - 7 X - U > f - tx > ) slj IE f:^ O 2 w t ?^ CD 7i< fg ^ 

^ 1.^ . ^ M M 4 i: 1^ a U r ^* >J ( 5 - 7 X b > f 

^ b > ) mW^^ y )i u ^ n f:. o c CD g ^ a ^ 
©FET^^gUJW^i-CD^'U (2. 5-f-x-b>f-b 

> ) Hj |g i^: 4- .^,'c>' ;t;' >j ( 5 - 7 x - b > fc:' ^ b > ) 

t5 * # ^1- ^ - >^ ^ ^ I. ^ r M ^ m ?ifc T 1 Bf Pel . 

200 °C -e S<i L o liX ±. <D m {'^ {Z ^ K> . F E T ^ ^ f(I O 

<e- ^° ( 2 . 5 - 7^ X ^ b > hi- - b > ) S 'j ( 7 

-7x^b>ti"— b>) T?£^aL. rl^H^HS^MSOF^^ 

5 [a (C (t 6 F E B ^ ^ ^[3 1 1 ^ ^ ^ $ -li: 7^; o <^ t ^ T , ^ 

51 M 5 <i: 1i © ^ f-^ IC 0 > B% g ^ g g O . g 

^ §15 1 2 ^ ^ ^ $ ii- o $ i:: . ^ M M 5 t 1^ # (c . e^a 

it %^ m 

]t%^m(Dm^ {tmiS.(D-XM. (Appl. Phys. Lett.. 49 
m 12101: 1 986^) (r '£f^ o T IS L 7^- o IP . 75m^O 
T^r^~^•J;^(I,^yv-i:LT2. 2'-:^7^t7 



wo 90/08402 PCt;jP90/00017 

3 8 

izF E T m^mtK±(D 5 irnm 

( lOmm X 20inm ) <i: O Pel (C — ^ ^ gfc ( IOO;iiA 
Xci) ^ 480f> ral »?E L T ^i? E-^ ^ fT . SttO^^^l 
± 1^ 0^ ^ (D M SI (D m it '> n > m ± j? ^ 1 400 A © :r:° 
U 5^ :f 7 X > W ^ f# o C 0 U f- :^ 7 x > ^ (C (i S I? 

mmtiw i ;l/ m lE C tt L T 0 V (C 15: ^ U T K - f > / 
^ 'fT > ^' 1^ :^ 7 X > m {r 4^ # g S O ^ ^ S ^ Jf 
•tt o % ^ fliz E E ^ % =^ \-t ^ T -fe h ^ h ij ;U T- 2 [U jfe 

<^ >• ^ M 1 - 7 S O' it 15 M J; o T ff n 7= 

-o O F E O ^ 6 H (r :^ -r o C © 13 (c 

T . ^ 14 (i 7 - X • K U 'T > PbI m E ( V o s ) T ^ 0 . 
# (i V - X • K U ^ > Pel S ^ (Is ) -C- ^, ^ o y - h 

€ E c V 0 ) 0 V o Bf ic li . V t> s 7>< :^ § < nc o T io 

I s It ^ ?)f& n v^ ^< . M o V c ^ ^fi So L ef (c (i :^ # 
r s t!?-^ zj^ n ^ i: 9 (c nj: $ o L ^ ^ V o s 73< :^ § 



wo 90/08402 . PCT/JP90/OOOI7 

39 

(i I s O IS fa M n . ^ m U :r. y y x M o) M n- 

x^j ^ s h 5 > ^ X ^ 0 € m '14 Ti^Mf n = m^- ■■h m 6 

J: 9 c: , Jo f o y - h € E (r i; o T 7 - ;^ • K b -Y > 
Pel m ^ ^ § < ^ tJi ^ ^ C <b Ti-^ r s ^ o ^ 6 d O 
(if^SSLT^; 5 m(D F E T^^©|^CD — ocD^^cD^rf•|:4T■ 
^ 6 t:?-^', S ^9 ® F E T ^ ^ O # im o t ^ T ^ ill] ^ L <t 
C ^ 6 H © # i: (s (5l l; # -ll^ ^ ^ L 0 ^ , c n 

M T l# b n ^ ^ 7!)< M i6 T ^ ^ 14 Hn ^ C i t!?^ fi] -p T'l o 

oOF ET^^CD^m#-(4Sa^ ^ M M 3 iC T b tl T^c 5 
m<D F ET^^CDI^O-ocDF E OM ^ # ti ^ 

n€n^7iaso*^8ii(r;^-ro cn'i0II^^::fe^^T, 

$4 (i 7 - • K b ^ > TbI ^ E ( V D s ) T ^ 0 . 1^ (i 

7 - t; • K U -f > Pel S ?^ (Is ) T ^ ^ o y - h S E 

( V G ) 7}< 0 V (D m iz it . Vos^<i^^<tx-oX^l s (i 

^ t iM ti U 7}< ^ M <D V a ^ M L tz m iz li± ^ I s 

o :d<m ^ ti . M M ^1 ^ > y^ > X m 1^ ^ m h ^ > 
'J X ^ (D m. M w -li :/}< ^ ti tz o z ti ^ cd m f}^ ^ n ^ 9 

(I . En Sd -r - r S E (I ck o r 7 - X • K b ^ > Pal € 

(D!^^i±it^ti^n(Dmmm(zri'?mLtz5m(DFETm 
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(D w fuz X m ^ L tz t z ^ m 7 m R V m 8 m CD n 
1± <i: (t {f fu b # 1± ^ ^ L o ttz. z tii om^^^n 

b z h . ^ © # 14 (1 ^- ^ {b it -r ^ ^ M M T- f# b n ^ 



^ ^ 36 r ^ ^ 14 {C ^ ti -5 c h-h^-m -fzo 

^ 9 in (I li . ^ M 4 iJi L 5 im © F E T ^ ^ CD 
I^CD — OOFET^^ on. ^#14^^-ro.C(DllI(Cfel,> 
T . M $6 (i 7 - X • F U > FbI T^'A ^ o ( V d s ) r ^ 0 , 
ie§ 14 «i V - 7. • K U ^ > FbI € etc (Is ) r ^ o ^ M 

O m ^ # 14 tl o H $1] i ^ (C : %V&m 1 

• K b ^ y PbI ^ gfc ^ :^ ^ < IE p T i o 

^ ion (C (i M 1 ;a M 4 rf'^® t 5 flU CD F 

E T m ^ © 1^ ® - o O F E T ^ T <i: ib 15 M ;fe l^ T f-^ Si 
L F E T ^ ^ © , 7 - 7. • K U >r > PbI^ E — ^ ( - 50 
V ) ^ # T O 7 - X • K b >r > TbI € - y - h S m # 14 
^^•Te COEI(c4oV>T, ^^(iy - h«E (Vc ) X 

^ ^ . 14 (i 7 - t; . h' ly ^ >mm,m (is ) t ^ » 
M 1 on J; 9 (c. mt^m 1 T' ff n F e t 

m ^ ;fe ^^ T (i y - h l: E ck o T ^ P T- ^ 5 7 - 71 • 
K U ^ > TbI m etc li 4 fii ± (C ^ L . $ b (C ^ Jfl M 4 T- f# 
b n F E T ^ ^ (C *j l^ T li , ^ IS -C-.^ a 7 - 7. • K U 
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^ > ^ WE !i 5 m ± izm b izti L ^ tt $x m -{ft m F 

K u Y > fel € e?E 2 ^f?> (c f 5 I ^ o c CD 9 (I . ^ 

m I R a m m m A Vi^^ lb ti 6 F E T m li VI ^ F E T m 

'^Xizm iim u . mmm 2 vi'^mt tz 5 ^iii © f e t ^ ^ 
o\f^(D--D(DF ET m'ftmmmzvi'^mLfz 5 mo f 

ET^^CDI^O — ocDFET^^SC>*ifc M IZ ^ X {"^ 
mLfzFETm^<D. 7 - X • K U > rel € JE - ^ ( 50 

V) cD^#T0 7--:^- V ^ > m - Y - h miE^^ 

•li^^-fo CcD|§I{cfet>r. ^$4liy-h^E (Vo ) 

r ^ 0 . m^it 'y - 7. ' K u ^ > Pel (Is") V ^ 6 o 
m nm i m ii)^ 0 iz ^ mnm 2 Rv^mmm 3 xt^^ 
<b titi F E T m ^ (D ^ X It Y - hmzizj;:',xmmx 
^ ^ 7 - X • y mmiMii 4 mwi±izm L ti(D izt^ 
L . ttmm(D{jt^FETm^x{i.. Y-hmmiz^^x 

mmx ^ ^ y - X ' K u ^ > PbI ^ yfg (i 2 fir ¥ <c -r & t ^ o 
COi9(:^ IIMM2Sc;^^JgM3-ei#bn-5FET^ 
•? (i * F E T m ^ izit ^ ^ it ^< ± iz ± brio 

m 12m it mm m 5 t- i# n -ai g ^ s a 4^ 0 f e t 

- y - X • K U ^ > PbI ^ E # 11 ^ ^ -r # 1± S T ^ -5 o 

c o d (c v> r . =^ ifi 7 - X • K b > Pel m E ( V D s ) , 

11^ 14 (i 7 - X • V iy y mM.iM (Is ) ^ ^ f o H c 
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- t K u > « ^5 © TbI ic € E ^ Efi jjn u T t > v - 

^ ^!iMt tilii- 6 t± ^ y - 7. • V ^ y mmik 

^titzo z (D F E T m t m m ^ It m.niz m m b r 
E T m^(D y - 7.mw 5 omizi^Fs s ^ ig u -r § o n ^ 

^ 4- € E ^ EI7 tin L T # . Y - h 2 Izn.'^IE^Blim 

S ^ SB m E 7i>>' 7^?^ 75^ ^) -r , ?^ H^a g ^ IfP O |g Itf it ^ ^ 7^^ o 

IP -5. ?i^B^BOigft^> ft.M $ ii: ;r - ifcS;^ i^5^^m € 

^ 1311 (i ^ M 6 X% ^flfzWL¥Bmw-m.m^ (D F E T 
m^©y-hmE^^;t;^cit0 7- x- Fu>i'>rHim 
Kb^>rBl€E#1t^^t-#1SllT^'5o 
C © 0 (C 4o l> r . ^ fA (i 7 - x • K U ^ > PhI ^ E C V D s ) . 
ISe Ift (i 7 - ;^ • F u ^ > PhI m Die (Is ) ^ ^ 1" o S 
l,NXFET^Toy- h€E^O V{CUTl^5Bf(cli7 
-7;€®iKU^'>m®©rBl{cmE^EnJiiiLT^). 7- 
X • Y \y y Wi if fkt\, fz t< ^ M © y - h S E 

^ sn -rn r ^ (s ^ s 4" 7 - X • k u > Pai m 7i< 
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?jfE n o z (D F E T m t m^^m amn ^:.mi^. L r 

6 fzib . ;^ H^a g ^JfP CD ;^7' 7 X i 0± O il m @ 9 t ? 
E T ^ ^ 0 V - X m ^1 5 0 fsl (C a^a 8 ^ |g ii -r 5 O C 3t 

^ H E ^ BP 5n L r fe- § > y - h € @ 2 (c t € E ^ En JQ 

•r -5 i: ?t B^a g ^ ^M:: € E Ti-^ 7:?^ 0 ^ '/^ h1 8 Lxm nn 

m7rsU-h<mWi L fz-b< . y - h € E ^ 0 V (c 6 t a^a 1 
7r-^^{Z'^mi)<ij^ii^ ^ r . mrnnTr.UomWi (i it ^ 0 

M ;^ ^ # Ji i: f ^ F ETmfVm'm-r^ Z tfj<V^tzo 

± H ii U T ^ ^ (I M L /I o. 

- 7 - X • F u ^ > Tai m E # 14 ^ -r # 14 m T- ^ 6 0 

C 0 H (C ^ T ^ If 14 7 - X • K U > fal € E ( V 0 s ) > 
19^ $fi 7 - X • F U > fel m Z)t£ (Is ) ^ ^ f 0 H t:?^ b 

4^iJ 6 J: ^ (C . ^ M M 5 O H 1 2121 i: it , y - h ^ E ^ Efl 

L ^ i O 7 - X • F b ^ > Pel € ^ lit 7!;< :^ § < 4- 0 

14 75^ [6] ± L o ^ , ^ M 5 1i ?S H^B © IE m ^ * F 

E T ^ ^ T- il -r 6 C t T- i o tfi. ^ ^ 'It ^ ^ 51 

M 5 i: ^ T ^ 7^; o 

4- ^ M M 5 - 7 T- (i F E T ^ S 0^ fi^ H^a § ^ ^ - 

o It {-^ 12 L T ?S a^a g ^ ^ a i: L 73< , P! 1i © ^ ffl l,^ 

rm^OF ETm^SO'-zSa^ag^^^f^PSUTrSa^aS^ 
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h U 7. h ^ ^ tz y< ^ - ^ y r (D ^ m t!?^" -jZ-^^V h 
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